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xanthogranuloma22q11.2 deletion syndrome (22q11DS) is themost common pathogenic copy number variant in humans. Neuro-
psychiatric phenotypes, including schizophrenia, are prominent. Imaging studies of individuals with this syn-
drome show a variety of abnormalities that may indicate abnormal neuronal migration. Here we present the
neuroimaging and neuropathologic features of a 22q11DS patient with bilateral periventricular nodular
heterotopias (PNH) and intraventricular xanthogranulomas that were identiﬁed by post-mortem examination.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)1. Introduction
22q11.2 deletion syndrome (22q11DS, previously known as
velocardiofacial or DiGeorge syndrome) is a genetic copy number vari-
ant disorder with estimated prevalence of 1/4000 [1]. It is linked to in-
creased risk of schizophrenia, autism spectrum disorders, learning
disabilities and language delays [2,3]. Recently, our group reported an
association between 22q11DS and early-onset Parkinson disease (PD)
[4]. Neuroimaging studies of individuals with 22q11DS show abnormal
gyriﬁcation, cortical dysgenesis and hippocampal malrotation [5,6], in-
dicating possible abnormal neuronal migration.
2. Case
2.1. Clinical history
A 44 year-old Caucasian man was found to have 22q11DS, as previ-
ously reported [4]. He had a molecularly conﬁrmed typical 3 Mb
hemizyous deletion, submucosal cleft palate, hypocalcemia, and
Parkinson disease with onset at age 43. He did not have a history of, Department of Pathology, 200
ada.
c. This is an open access article under
l., Periventricular nodular he
ts (2016), http://dx.doi.org/10developmental delays, seizures, or schizophrenia. He completed a
bachelor's degree and worked as a teacher. Cognitive testing (age 52)
revealed IQ in the average range. Repeat testing 3 years later showed
progressive impairment in frontal executive function. The Parkinson
disease progressed substantially and he died of aspiration pneumonia
at age 61 [4].
2.2. Neuroimaging
MRI at age 53 demonstrated 5–10 small round regions of signal al-
teration in the periventricular white matter, isointense to cortex on all
pulse sequences. While the initial MRI report did not detect bilateral
PNH, these are visible on retrospective review (Fig. 1A, B). Bilateral cal-
ciﬁcations were seen in the lateral ventricles (Fig. 1C), subsequently
shown to be xanthogranulomas.
2.3. Neuropathological ﬁndings
Brain weight was 1350 g (right hemisphere frozen). Macroscopical-
ly, there was no evidence of generalized atrophy, abnormal gyriﬁcation
or ventricular enlargement. Coronal sections at 0.3 cm intervals showed
several small, closely-spaced nodular heterotopias in the deep frontal
white matter near the rostral end of the lateral ventricle (Fig. 1D). No
other heterotopias were seen anywhere else in the brain. LH&E stainedthe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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showed mixed populations of mature cortical neurons (Fig. 1G, H) as
well as some pallor of the white matter around these heterotopias.
Also present were extensive microvascular changes, such as enlarged,
tortuous, multi-lumen blood vessels with enlarged perivascular spaces
(not shown). Immunohistochemistry for Synaptophysin (Fig. 1I) la-
beled the nodules, also showing diffuse positivity in the adjacent
white matter (Fig. 1J). NeuN (Fig. 1K) showed haphazard arrangement
of neurons without discernible architectural patterns. NeuN reactivity
indicated full neuronal maturation. A subpopulation of neurons
displayed reactivity for Calretinin (Fig. 1L), which labels a subtype of
GABAergic interneuron.
The xanthogranulomas had an irregular yellow-grey cut surface
(Fig. 1E) and typical histologic features, such as cholesterol clefts,
often with foreign-body giant cell reaction, sheets of macrophages and
hemosiderin (Fig. 1F). Hippocampi were moderately atrophic but
there was no evidence of beta-amyloid or tau reactivity (not shown).3. Discussion
In 2008, we reported the ﬁrst post-mortem evidence of PNH in a pa-
tient with 22q11DS and schizophrenia [7]. To our knowledge, the cur-
rent case is only the second autopsy-conﬁrmed individual with
22q11DS and PNH. The location of heterotopias, as well as morphologic
and immunohistochemical ﬁndings were identical in these two cases.
The current patient did not have schizophrenia. Neither patient had a
seizure disorder nor intellectual disability. PNH, also along the lateral
ventricles, was previously reported on neuroimaging of two children
with 22q11DS and global developmental delay but without epilepsy
[8]. Using high-resolution MRI, Andrade et al. detected PNH in 3 adults
with 22q11DS, epilepsy and schizophrenia [5]. In our case, neurons in
the noduleswere of multiple types with full maturation including inter-
neurons, suggesting that the abnormal process only affected migration
but not differentiation. Unless these neurons are the result of excess
proliferation, a neuronal deﬁcit in the cortex appears plausible. The
presence ofmultiple PNH in the frontal lobes raises the possibility of ab-
errant neuronal connectivity. Importantly, mice with a mutation in the
region syntenic to human 22q11.2 have altered migration of neurons
destined for cortical layers 2/3 [9]. In addition, progenitor cell prolifera-Fig. 1(A) Brain MRI. Retrospective review of coronal T1-weighted sequence demonstr
T2-weighted image conﬁrmed that these nodules (arrows) were isointense to cortex, as
revealed bilateral choroid plexus enlargement and calciﬁcations (arrows). Also presen
weighted images, not speciﬁc, but possibly indicating chronic microangiopathic chan
(2–3) closely-spaced nodular heterotopias in the deep frontal white matter near the rostr
in the left lateral ventricle (arrow). (F) Histologic image of xanthogranuloma (10× obje
action, hemosiderin and residual choroid plexus epithelium (lower right). (G) Low-po
periventricular nodular heterotopia in lower left, ventricular surface in lower middle a
mcm), with haphazardly arranged mature neurons in the nodule. (I) Synaptophysin
(J) some diffuse positivity in the adjacent white matter (20×; scale bar = 200 mcm). (K)
(20×; scale bar = 200 mcm). (L) Calretinin stain shows that GABAergic interneurons
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tants, suggesting that the 22q11.2 deletion may affect several cellular
and molecular mechanisms essential for normal cortical development.
Clear evidence of a neuronal migration abnormality is an important po-
tential pathogenetic mechanism that could also contribute to the
schizophrenia phenotype in these patients [10]. Bilateral intraventricu-
lar choroid plexus xanthogranulomas are lesions of uncertain origin and
natural history that are usually asymptomatic and found at autopsy.
While this entity has never been described in 22q11DS, it could be
viewed as part of the general tendency to form various cysts in this syn-
drome [10]. In conclusion, this case adds to the growing body of evi-
dence linking 22q11DS to abnormal brain development and cortical
migration. More systematic structural and behavioral studies are need-
ed to better characterize themigrational anomalies and their behavioral
and morphologic correlates.
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